Introduction
Gaseous electronics-the term which is loosely applied to describe low temperature discharge physics-is a broad and diverse area of research and development which encompasses both established and emerging technologies. These include semiconductor production, lighting, propulsion, environmental remediation, and material processing to name just a few. One of the major areas of application of gaseous electronics is in the plasma modification and processing of semiconductor and other electronic materials. This industry worldwide had a turnover in excess of US 210 billion dollars in 2009. 1 Such plasma processing discharges are used to either etch surfaces in a controlled fashion or to deposit materials, or layers of materials, which provide the required electronic response. Plasma discharges are complex environments in which a multitude of atomic and molecular processes occur. Many, if not most, of these processes are initiated by electron impact and an understanding of these precursor reactions is critical to a broader understanding of the dynamics of the discharge. Absolute electron scattering cross sections for molecular targets, including their daughter radicals, are important in developing models of plasma reactors and testing the efficacy of various plasma processing gases. Low-energy electron collision data for these gases are generally quite sparse and, in many cases, only a limited range of cross section data is available. This is particularly the case for many of the important reactions ͑e.g., dissociation, dissociative attachment͒, which lead directly to the production of those reactive species in the plasma which are responsible for the surface modification or deposition. As an important aspect of the operation and development of plasma processing reactors is the ability to model the atomic and molecular processes that take place, we must inevitably draw upon scattering theory, in many cases, to provide the important collision data. In this context, accurate absolute scattering data which also maps out the energy and/or angular dependence of scattering processes can be extremely important in benchmarking theory which in turn can be applied to the calculation of some of the more complex and experimentally inaccessible processes. In this paper we present recommended cross sections for one of the key processes that can be used to benchmark theory-elastic electron scattering for 17 molecules that are commonly used and are important in plasma processing applications. We have reviewed data from the literature up to early 2010 and the recommended values are presented for the total elastic, elastic momentum transfer,
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033106-3 and elastic differential cross sections. The energy range of interest is up to and including 100 eV, with several exceptions.
Elastic Scattering Cross Sections

CF 2
There have been several theoretical 2-6 studies into elastic cross sections for electrons scattering from CF 2 . These include the R-matrix, 2,3 iterative Schwinger variational method, 4 and Schwinger multichannel ͑SMC͒ method. 5, 6 Experimental studies are limited to a series of measurements from the Flinders University group. 5, 6 Those data are found to be in quite good agreement with the results from the SMC computations, and form the basis of the recommended cross sections that are listed in Table 1 and plotted in Figs. 1 and 2.
CF 4
There are three experiments on measurements of differential elastic electron scattering cross sections ͑DCS͒ of CF 4 . Sakae et al. 7 measured the DCS for incident electron energies between 75 and 700 eV and for scattering angles between 5°and 135°. The experimental DCS were extrapolated to 0°and 180°scattering angles by fitting the square of the Legendre polynomials to the measured values, and the integral cross section ͑ICS͒ and momentum transfer cross section ͑MTCS͒ were obtained. Mann and Linder 8 measured the DCS in the energy range 0.3-20 eV for scattering angles from 10°to 105°. The data have been evaluated using a modified effective range theory ͑MERT͒ analysis and the ICS and MTCS are estimated for the energies between 0.001 and 0.5 eV. Boesten et al. 9 measured the DCS in the energy range of 1.5-100 eV and over the scattering angles of 15°-130°. The DCS were again analyzed using a molecular TABLE 1. Recommended differential cross sections for elastic electron scattering ͑in units of 10 −16 cm 2 / sr͒ from CF 2 . Recommended integral elastic cross sections ͑in units of 10 −16 cm 2 ͒ are given at the foot of each column. The uncertainty on the integral cross sections is estimated to be ϳ45% Table 2 with the plots in Fig. 3 . The estimated uncertainty is 15%-20%. For ICS and MTCS, these three reports give somewhat different results in the overlapping energy regions. Christophorou et al. 10 combined and fitted all three results including the MERT evaluation of Mann and Linder and suggested the ICS and MTCS. We present their values in Tables 3 and 4 with the plots in Fig. 4 
C 2 F 4
Absolute cross sections for elastic scattering of electrons from C 2 F 4 have been determined in the energy range of 1.5-100 eV and over the scattering angles of 20°-130°by Panajotovic et al., 11 and that is the only report for the absolute elastic scattering cross sections. This is a joint work 
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between the groups at Sophia University ͑SU͒ and the Australian National University ͑ANU͒. They independently measured the DCS at selected electron energies, some of which overlap. At the energies ͑5, 10, 15, and 20 eV͒ where both SU and ANU data sets are available and they agree with each other within uncertainties, we least-squares-fitted both data sets for each energy to obtain recommended DCS. However, if there are discrepancies between the two, for certain ener- gies, we do not recommend any DCS at those energies. At the energies where only one, either SU or ANU, data set is available, we present it as our recommended DCS. The DCSs were analyzed using a molecular phase-shift approach in order to extrapolate them to lower and higher angles, to facilitate derivation of the integral cross sections. Again, at the energies where both SU and ANU ICS/MTCS data sets are available, we have averaged them at each energy to obtain the recommended ICS/MTCS. At the energies where only one data set is available, we present it as our recommended ICS/MTCS. The estimated uncertainty in the original DCS data is claimed to be 15%, while the uncertainty on the integral and momentum transfer cross sections is 20%-25%. We do not provide uncertainties for DCS/ICS/MTCS which are derived from the least-squares fitting or averaging process for this article, although we expect that they would be significiantly less than Ϯ50%. All the cross sections are presented in Table 5 and plotted in Figs. 5 and 6.
C 2 F 6
There are two experimental measurements of the elastic DCS for C 2 F 6 . Takagi et al. 12 
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10°-130°. These DCS were also analyzed using a molecular phase-shift approach in order to extrapolate them to lower and higher angles, to facilitate derivation of the ICS and MTCS. Iga et al. 13 reported the DCS for a range of energies between 30 and 500 eV and for scattering angles of 10°-135°. A manual extrapolation procedure was adopted to estimate DCS at low and high scattering angles in order to derive ICS and MTCS. In the energy region of 100 eV and below, the measurements of Takagi 
033106-8 YOON ET AL.
25%, but no uncertainty information is available for the results from Merz and Linder. The uncertainty in the leastsquares fitted results by Christophorou and Olthoff is also not reported.
C 3 F 6
Absolute cross sections for elastic scattering of electrons from C 3 F 6 have been determined in the energy range of 1.5-100 eV over the scattering angles of 15°-130°by the Sophia University group, 15 but only a part of these data was published in Ref. 16 and later, the full set of data was reported in Ref. 17 . These are the only two reports on the elastic cross sections of C 3 F 6 . The DCS were analyzed using a molecular phase-shift approach in order to extrapolate them to lower and higher angles, to facilitate derivation of the integral cross sections. The estimated uncertainty in the DCS data is 15%, while the uncertainty on the integral and the momentum transfer cross sections is 20%-25%. All these data are listed in Table 9 and plotted in Figs. 9 and 10.
C 3 F 8
Tanaka et al. 18 measured the elastic scattering cross sections for C 3 F 8 in the energy range of 1.5-100 eV and over the scattering angles of 15°-130°, and that is the only available, published result. The DCSs were analyzed using a molecular phase-shift approach in order to extrapolate them to lower and higher angles, to facilitate derivation of the ICS and MTCS. All these data are recommended in Table 10 and are plotted in Figs. 11 and 12. The estimated uncertainty in the DCS data is 15%-20%, while the uncertainty on the integral and the momentum transfer cross sections is 30%. Absolute cross sections for elastic scattering of electrons from cyclo-C 4 F 8 have been determined in the energy range of 1.5-100 eV and over the scattering angles of 10°-130°by Jelisavcic et al., 19 and that is the only published report. This is again a joint work between the Sophia University ͑SU͒ and the Australian National University ͑ANU͒. They independently measured the DCS at selected electron energies, some of which overlapped. At the energies ͑1.5, 5, and 10 eV͒ where both SU and ANU data sets are available and they agree with each other within uncertainties, we again least-square-fitted both data sets for each energy to obtain recommended DCS. As before, if there are discrepancies between the two for certain energies, then we do not recommend any DCS at those energies. At the energies where only one, either SU or ANU, data set is available, we present it as our recommended DCS. The DCSs were analyzed using a molecular phase-shift approach in order to extrapolate them to lower and higher angles, to facilitate derivation of the integral cross sections. Again, at the energies where both SU and ANU ICS/MTCS data sets are available, we averaged them at each energy to obtain the recommended ICS/MTCS. At the energies where only one data set is available, we present it as our recommended ICS/MTCS. The estimated 
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uncertainty in the original DCS data was claimed to be 15%, while the uncertainty on the integral and momentum transfer cross sections is 20%-25%. We do not provide uncertainties for DCS/ICS/MTCS which have been derived from the leastsquares fit or averaging process for this article, but in all casses we expect them to be significantly less than 50%. All the cross sections are presented in Table 11 and plotted in Figs. 13 and 14.
C 6 F 6
Cho et al. 20 measured the elastic differential scattering cross sections for C 6 F 6 in the energy range of 1.5-100 eV and over the scattering angles of 20°-130°, and that is the only available published result. The DCSs were analyzed using a molecular phase-shift approach in order to extrapolate them to lower and higher angles, to derive the ICS and MTCS. All these cross sections are recommended in Table  12 and they are plotted in Figs. 15 and 16 . The estimated uncertainty in the DCS data is 15%, while the uncertainty on the integral and momentum transfer cross sections is 25%. 
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CHF 3
Compared to some of the other species in this article, studies into elastic electron scattering from CHF 3 are much more prevalent. In this regard we note the comprehensive data compilations from Christophorou et al. 21 and Christophorou and Olthoff, 22 and the theoretical elastic scattering computations from Natalense et al., 23, 24 Dimiz et al., 25 Morgan et al., 26 Varella et al., 27 and Iga et al. 28 The work of Morgan et al. also contained an electron-swarm analysis of the Schwinger multichannel computation results, while significant experimental results, from 1.5-30 eV, are contained in Varella et al. 27 and, from 20-500 eV, in Iga et al. 28 We also note additional experimental results from Meier et al. 29 and Tanaka et al. 30 In general, we find very good agreement between the data of Varella et al. 27 and Tanaka et al., 30 when they are compared with the DCSs from Iga et al. 28 at each common energy. As a consequence, our recommended data in Table 13 and Fig. 17 are taken as a compilation from Refs. 27, 28, and 30. ICSs from Iga et al. 28 are also listed at the foot of Table 13 and Fig. 18 . 
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CH 2 F 2
The original study into elastic electron scattering from CH 2 F 2 came from Sophia University. 30 This was followed by a model potential calculation from Nishimura 31 and a Schwinger multichannel calculation, using nonconserving pseudopotentials, from Natalense et al. 23 A comprehensive experimental and theoretical study was most recently undertaken by Varella et al. 27 Here very good agreement is found between the data from the Sophia University and the result from the Schwinger multichannel method with a Born-Closure procedure. As a consequence this latter study 27 forms the basis of the recommended cross sections which are listed in Table 14 and plotted in Fig. 19 . Note that here no estimates of ICS were given by Tanaka et al., 30 so that here none can therefore be incorporated into Table 14 .
CH 3 F
The original investigation into elastic electron scattering from CH 3 F came from Meier et al. 29 However, as that was only a relative measurement at 1 keV, we need not consider it further. A preliminary study that concentrated on fluorination effects, but included elastic CH 3 F DCS at 1.5, 30, and 100 eV, was published by Tanaka et al. 30 That measurement 
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stimulated theoretical studies by Natalense et al., 23, 24 using a Schwinger multichannel method with norm-conserving pseudopotentials. The most complete, at this time, experimental and theoretical investigations into this scattering system came from Varella et al. 27 and Kato et al. 32 In the former case the incident electron energy range was 1.5-30 eV, while in the latter it was 60-200 eV. It is the measured DCS from Refs. 27 and 32 that form the basis of our recommended cross section set in Table 15 which are also plotted in Fig. 20 . Also listed in Table. 15 are the ICS from Kato et al. 32 and they are plotted in Fig. 21 .
CF 3 I
There are three elastic cross section sets reported for this species. Kitajima et al. 33 
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angles of 20°-130°, and Francis-Staite et al. 34 made DCS measurements at ten incident electron energies in the range 10-50 eV with a scattered electron angular range of 20°-135°, from which they derived ICS. Cho et al. 35 presented DCS for scattering angles from 10°or 20°up to 180°at the incident electron energies of 5, 10, 20, 30, and 50 eV. Cho et al. also estimated ICS and MTCS from their experimental DCS set and from the previous DCS result of Kitajima et al. 33 In the energy and angular ranges where these results overlapped, their overall behavior is similar to each other, with a significant exception at 10 eV, and also for some angular ranges at other energies. Since it is difficult to recommend a specific data set due to these discrepancies, we plotted all three results with error bars on a single plot for each energy and deleted data points which are not overlapped with any other data point within the limits of uncertainties. We least-squares-fitted the remaining data points at each energy to obtain the suggested DCS. For the energies where only one data set is available at each energy, we decided not to recommend, but simply present available DCS sets, considering the recent interests in this molecule. We decided not to recommend or suggest ICS/MTCS, either. The estimated uncertainties in the original cross sections provided by each 34 and 8%-15% in DCS and 25%-30% in ICS/MTCS for Cho et al. 35 We do not provide uncertainties for DCS/ ICS/MTCS which are least-squares-fitted or averaged for this article. All the cross sections are presented in Table. 16 and plotted in Fig. 22 .
NF 3
There is a real sparsity of available data for electron scattering from NF 3 . The first theoretical study on low-energy electron collision processes in NF 3 was from Rescigno, 36 which included Kohn variation calculations of elastic DCS and ICS for electrons with energies in the range 0 -10 eV. Shortly thereafter, the only comprehensive experimental study, which reported elastic DCS, ICS, and MTCS for energies between 1.5 and 100 eV, was published by Boesten et al. 37 Subsequently, a Schwinger multichannel theoretical approach 38 reported corresponding cross sections for electron energies in the range 0 -60 eV. Generally quite good agreement was found between the results from that calculation and the data of Boesten et al., 37 so our recommended data in Table 17 and Figs. 23 and 24 is consequently taken from the measurements of Boesten et al. TABLE 15 . Differential cross sections ͑in units of 10 −16 cm 2 / sr͒ for elastic scattering from CH 3 F. Their absolute uncertainties are ϳ15% -20%. Integral cross sections ͑in units of 10 −16 cm 2 ͒ are given at the foot of this 
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SF 6
Unlike most of the other molecules in this report, there have been numerous measurements of elastic cross sections of this molecule for the last several decades 7,39-44 and these were reviewed by Christophorou and Olthoff. 45 In the work of Cho et al. 40, 41 a magnetic angle-changing device was employed in conjunction with an electron spectrometer to measure the cross sections to backward angles at low impact energies. While these results show somewhat scattered distributions, Rohr, 42 Sakae et al. 7 and Cho et al. 40, 41 show remarkably good agreement at those electron energies for which they overlap. We would also like to note that there is a quite recent measurement by Bhushan et al. 46 for the energy region from 50 to 500 eV, which is pretty much overlapped with that of Sakae et al., and both measurements agree with each other within the uncertainties in the energy region of the current interest. Rohr reported elastic DCS at 0.5, 2.7, and 7 eV, while Sakae et al. measured DCS for electron energies from 75 to 700 eV. Cho et al. measured at 11 energies between 2.7 and 75 eV. Also, ICS/MTCS from these three groups are very smoothly connected at the boundary of the energy ranges where their results meet each other. This consistency justifies choosing the elastic DCS/ICS/ MTCS from these three groups as recommended data-Rohr 42 for 0.5 eV, Cho et al. 40 for 2.7-75 eV, and Sakae et al. 7 for 100 eV. Christophorou and Olthoff 46 fitted ICS/MTCS from these three groups and presented recommended data. We simply give their fitting results as our recommended values for ICS/MTCS. All these DCS/ICS/MTCS Table 18 between 2.7 and 75 eV are the uncertainties given by Cho et al. 40 Rohr 42 and Sakae et al. 7 claimed the uncertainties of 10% and 20%, respectively, for their DCS.
SiH 4
Since the discovery of the hydrogenerated amorphous silicon used in solar cells, various chemical systems have been investigated to deposit a-Si-based materials by plasmaenhanced chemical vapor deposition ͑PECVD͒. However, there is a sparsity of available data for electron scattering from SiH 4 . A set of cross sections, including the elastic MTCS for SiH 4 , was derived from a swarm experiment by Shimada et al. 47 The first theoretical study on total ͑elastic + absorption͒, MTCS, and DCS for e-SiH 4 in the energy range 30-400 eV was reported by Jain 48 using a parameterfree and energy-dependent spherical-complex-optical poten- TABLE 17 . Differential cross sections for elastic electron scattering ͑in units of 10 −16 cm 2 / sr͒ and ICS and elastic MTCS, respectively ͑in units of 10 −16 cm 2 ͒, from NF 3 . The estimated uncertainty in the DCS data is ϳ15% -20%, while the uncertainty on the integral and momentum transfer cross sections is ϳ20% -30% 
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tial. Thereafter, the elastic DCS, ICS, and MTCS for energies between 1.8 and 100 eV and a scattering angle range of 20°-130°was published by Tanaka et al. 49 Subsequently, a Schwinger multichannel theoretical approach 50 reported corresponding cross sections for electron energies in the range 1 -30 eV. Recently, the DCS and ICS were calculated in the energy range of 20-2000 eV by Mozejko et al. 51 using an independent atom model. Generally quite good agreement was found between the results from these calculations and the data of Tanaka et al., 49 so our recommended data in Table  20 below is consequently taken from the measurements of Tanaka 
Si 2 H 6
Similar to SiH 4 , this species is also relevant to PECVD of a-Si-based materials. Again there is little available data for electron scattering from Si 2 H 6 . A set of cross sections, including the elastic MTCS for Si 2 H 6 , was also derived from a swarm experiment by Shimada et al. 47 A recent theoretical study on total elastic, total ionization, and total cross sections for e-Si 2 H 6 in the energy range of threshold to 2000 eV was made by Vinodkumar et al., 52 using a parameter-free, and energy-dependent spherical-complex-optical potential. Shortly thereafter, the only comprehensive experimental study, which reported elastic DCS, ICS, and MTCS for energies between 1.5 and 100 eV and scattering angles of 10°-130°was published by Dillon et al. 53 Subsequently, a Schwinger multichannel theoretical approach 54, 55 reported corresponding cross sections for electron energies in the range 5 -30 eV. Generally quite good agreement was found between the results from these calculations and the data of Dillon et al., 53 so our recommended data in Table 21 below 
GeH 4
A set of cross sections, including the elastic MTCS for GeH 4 , was derived from a swarm experiment by Soejima and Nakamura. 56 A recent theoretical study, on total elastic, total ionization, and total cross sections for e-GeH 4 in the energy 
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range of the ionization threshold to 2000 eV was carried out by Vinodkumar et al., 57 using a parameter-free and energydependent spherical-complex-optical potential. Thereafter, the only comprehensive experimental study, which reported elastic DCS, ICS, and MTCS for energies between 1.5 and 100 eV and scattering angles of 10°-130°, was published by Dillon et al. 58 Subsequently, a Schwinger multichannel theoretical approach 54 reported corresponding cross sections for electron energies in the range 5 -30 eV. Recently, two other calculations have also been reported. One was a calculation of elastic DCS, ISC, and MTCS in the energy range from 0.2 to 100 eV using the Schwinger iterative variational method in the fixed-nuclei, static-exchange plus correlationpolarization approximation. 59 The other was for elastic DCS and ICS from 20-2000 eV, using an independent atom model with static-polarization model potential. 52 Generally quite good agreement was found between the results from those calculations and the data of Dillon et al., 58 so our recommended data in Table 22 
Summary
Elastic differential, integral, and momentum transfer cross sections for electron-polyatomic molecule collisions are compiled and reviewed for 17 molecules relevant to plasma processing. For each molecule, the recommended values of the cross sections with the representative figures are presented. For many of the molecules presented here, there is only one measurement, or at best a few measurements, available. Therefore, further studies are still required in many cases to make the cross section data more comprehensive and, hopefully, more accurate in order to confirm the limited data that are presently available.
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